The nurse call system is the lifeline for a patient in a hospital room. Nurse 
Introduction
Hospital unit operations are complex and need a high degree of coordination, communication, and collaboration among a number of care providers, such as nurses, clinical technicians, medical assistants, and physicians (Ren et al. 2008 ). There are a number of different departments or units in a hospital, such as cardiac, oncology, and emergency, and each of these follows different medical practices (Alexander and Randolph 1985) . For example, an emergency practice may handle patients who arrive with unexpected injuries and need immediate attention, while an oncology practice focuses on long term treatment and management of cancer patients. Hence, the resources used, care management protocols within each unit, and treatment delivery practices vary between emergency and oncology units. Each hospital unit runs like an independent entity (i.e., like a small business unit) and contributes to different unit goals and employee perceptions.
All hospital units are focused on providing quality care, and nurses and nursing staff deliver this care by acting as the "movers and shakers" or as "hostesses" of a hospital unit (Sheedy 1989) . To deliver high quality care effectively with limited resources, nurses have to make quick decisions by continually prioritizing/re-prioritizing various activities in the unit, sometimes with limited information or outcome predictability (Ebright 2010) . Communication and coordination through effective sharing of information is crucial (Toussaint and Coiera 2005) . Information, when coming from multiple sources (people and machines), needs efficient coordination, and some of these coordination mechanisms include various call escalation rules and hospital norms (Reason 2001; Smits et al. 2009 ).
Nurse calling systems (i.e., automated communication using bed side control) in hospitals support coordination among nursing staff. These systems enable nurses to coordinate work among each other, as nurses have to be mobile and are often distributed across a hospital unit. Wireless phones connected to the nurse call system help staff respond to patient calls (Bardram and Bossen 2005; Prgomet et al. 2009) . A number of studies highlight the importance of such systems for preventing falls and improving patient satisfaction (Tzeng 2011; Tzeng and Yin 2009a) . Many of these studies have focused on understanding the reasons for patient calls and nurses' response time in handling these calls (Deitrick et al. 2006; Galinato et al. 2015; Lasiter 2014; Roszell et al. 2009 ). Some studies have shown that "planned nursing rounds" or visits to patient rooms can reduce patient-initiated calls (Meade et al. 2006; Torres 2007) . A few other studies have explored differences in call response efficiency among rooms with different occupancy levels: single or double rooms (Deitrick et al. 2010) , and across hospital wards (Digby et al. 2011) . However, prior studies have not explored the relationship between hospital unit operational characteristics and call response efficiency and effectiveness, and that is the focus of this study.
The study seeks to explore two researchspecific questions. By reviewing hospital units that serve different patient populations (surgical patients, cancer patients, etc.) and how they address uncertainty (how care is to be provided) and velocity (number of different care treatment methods/protocols that have to considered), a 2×2 framework is conceptualized. This framework differentiates four hospital units on velocity and uncertainty dimensions. Text mining of secondary data from discussion forums at allnurses.com is used to give support to this framework. The time to respond to a call and attend to a patient when a nurse response system embeds a call escalation protocol is analyzed using data from 1,131 rooms spread across four units in a hospital. A quantitative approach, using secondary data and econometric analysis, is used to understand unit level differences on both time to respond to a call and time to attend to a patient. The study shows that there are differences in these times when calls come from different units (surgical, oncology, etc.) . Given that the nurse call system escalates un-responded calls to another nurse or staff member, using a rule-based system, these escalation rules do play a mitigating role on unit staff response times. What is often not clear is how such technology interventions, often introduced to influence response time efficiency and patient satisfaction metric, address call effectiveness. Should the context of the call, such as urgency or complexity of patient care conditions, as perceived by experienced care professionals, have relevance in the way calls are responded to? If so, how might the rule based escalations incorporate this context? The organizational implications of this study, especially when nurse call response time is tied to patient satisfaction and care quality, are discussed along with directions for future research.
Background and Theory

IT Enabled Nurse Call Systems
A patient call to a nurse is a patient's lifeline in a hospital room. It is perhaps one of the few ways that a patient can control their own situation (Deitrick et al. 2006) . Answering a patient's call is a communication issue that influences a patient's assessment of care quality and satisfaction (Deitrick et al. 2010) . Prior work suggests that managers use patient satisfaction data to improve performance. A prompt and efficient nurse call system response is a major priority for patients and an activity that can easily be addressed (Roszell et al. 2009 ). Timely responses to patient calls are also important to patient safety (Digby et al. 2011) . Nurse call system use rate and average call response time have been shown to impact patient satisfaction scores in acute inpatient care settings (Tzeng and Yin 2009a; Tzeng and Yin 2009b) . It is equally important for the person answering the nurse call system to follow through on the patient request and to get the desired intervention so that the patient's needs are addressed in a in a timely fashion and the patient is satisfied with the service (Meade et al. 2006) .
With the applications of information technology, call systems are getting highly automated and follow a set of decision rules, such as when and to whom to escalate, or when to transfer the call to nurses' wireless phone systems. Nurse call systems are used for any number of reasons (to request use of the toilet, seek pain medication, etc.), and some of these patient requests (or alerts) can be automated (as in the case of smart beds that track patient movement and send a call to a nurse). Existing research provides insights into the personal aspects of care, pointing out that nurses and patients have different perspectives about the quality of care, and this may influence the response time (Chadwick and Hearn 2014; Currie et al. 2005 ). Prior research suggests that different units in a hospital (in this case, the surgical unit, medical unit, and combined unit) may have different response rates to nurse call systems (Tzeng and Yin 2009b) , albeit without any direct link between response rate differences and nurses' judgements. Nurse judgements on how quickly to respond to patient nurse call systems may be influenced by performance measures other than patient satisfaction, such as mortality, rapid response to address complications and code blue situations.
In this study, we use the nurse calls initiated by a patient to see how promptly the nursing staff are responding. Patient perception of prompt nurse call response is dependent not only on how quickly a call is answered, but also on the manner in which it is answered and whether basic needs are met. Patient perception and satisfaction can be positively impacted by evidence-based nursing practices, such as proactive rounding to anticipate patient needs and nurse availability at odd hours (Torres 2007) . However, the automated call systems are also introducing a set of unwanted consequences in the hospital routines or a burden on nurses. For example, wireless nurse call systems are also associated with challenges in the nurses' daily work, such as stress, frequent interruptions, and unexpected workflow changes (Klemets and Evjemo 2014; Klemets et al. 2012; Tzeng 2010) , and may create a burden or technostress (Khuntia et al. 2015) . Within such a context, how nurses in different units of a hospital can be efficient in managing patient calls remains an important question for practice.
Greater uncertainty, variability, and instability in hospital units are related to the decentralization of hospital units (Leatt and Schneck 1982) . To control variability in patients, hospitals develop specialized units (psychiatry, pediatrics, etc.) that house core technologies in line with the types of care needed in those units. For example, psychiatric units, characterized by uncertainty, require more reciprocal flow of information than general medical care in acute care hospitals. As in operating or treatment units, technology variability was shown to be the most important contributing factor in grouping nursing care sub-units. Technology here is operationalized in terms of instability, uncertainty, and variability (Fry and Slocum 1984; Leatt and Schneck 1981; Overton et al. 1977) . Instability is most discriminant in ICU, followed by surgical, obstetrical, and medical sub-units.
Uncertainty is most significant in some cases for psychiatric care units, followed by auxiliary units (treating chronically ill or aged patients, requiring long term care). Variability refers to the number of tasks a nurse may engage in to address patient care. For example, in surgical units, the nurse call systems may call for support on any number of items (pain medication, bathroom assistance, etc.), and delays in response can have a greater impact. Schoonhoven (1981) , in the study of operating rooms, and Argote (1982) , in the study of emergency rooms, found significant equivocality or velocity. These units often need organizational structures that are nonstandard in order to support greater coordination and improve care quality. In fact, these non-standard and coordination supporting units are also considered crucial for changes that occur frequently (high velocity) and often need sense making and adaptation (Weick et al. 2005) . Nursing staff designed to support patients in high velocity units have to deal with a wide variation in patient treatments and address unanticipated situations. The tasks they perform vary significantly, and teams associated with these tasks are often highly involved in decision making and defining tasks. Alexander and Kroposki (2001) identified three characteristics to structure coordination of nursing subunits: vertical participation, horizontal participation, and formalization. Vertical participation is the degree to which supervisors and subordinates consult together as decisions are made. Horizontal participation is the degree to which various individuals are involved with peers in decision making. In formalization, various hospital rules and procedures are used. High velocity unit teams may use a greater degree of vertical participation, while horizontal participation or peer consultation may be appropriate in situations where there is less change.
The technology and structural fit calls for differing protocols in the way a care team is coordinated. Variation in these protocols may explain when a nurse may choose to answer a call or a let a peer or supervisor (who may designate it to anyone) respond to a call. Several patient calls are largely for problems that do not require responses from registered nurses (RNs) or from licensed practical nurses (LPNs), and they can be appropriately handled by certified nursing assistants (Sheedy 1989) . Van Handell and Krug (1994) categorized and quantified patients' use of nursing call lights and found that most occur at meal and medication times, when staff was busiest. This may provide opportunities for using proactive nursing rounds or even clustering nursing resources to address patient satisfaction (Meade et al. 2006) . The current study is positioned in the discussions around unit wise clusters of nursing practices, the proactive response to patient calls, and the importance of IT in improving call response efficiency.
Velocity and Uncertainty in Organizational Processes and Effects of Information Technology
Velocity in physics refers to the rate of displacement or movement of a body or mass in a particular direction. Velocity is a vector quantity jointly defined by two distinct attributes: the rate of change and the direction of change. These changes can be observed along various components of an operational unit: inputs, process or workflows, outputs, and information used and coordination needed to support operations. The rate of change typically is the amount of change in one component over a specified period of time. The direction of change refers to a flow direction as well as discontinuity or change in trajectory. Rapid changes in environmental factors are often viewed as contributing to high velocity organizations in management literature (Bourgeois III and Eisenhardt 1988; Eisenhardt and Bourgeois 1988) . High velocity here refers to the rapid changes in demand, competition and technology, so much so that information becomes inaccurate, not available or becomes absolute with the quick passing of time. Often high velocity organizations call for fast decisions, using more information, developing more alternatives, and responding quickly to dynamic and uncertain situations (Eisenhardt 1989 Gilboa 2009 ). Uncertainty in an organization can be manifested through a number of ways, such as the concepts in early literature on perception of various environmental factors (Duncan 1972) , or in terms of state (environmental factors that affect a decision, the subsequent effects, and responses) (Milliken 1987) . These conceptualizations have helped to identify uncertainty in value chains or supply chains in organizations, characterized by supply uncertainty, process uncertainty and demand uncertainty (Angkiriwang et al, 2014) . Specifically related to the operations or processes, uncertainty is conceptualized as the probabilistic nature of the availability of tools and equipment (Van Kampen et al 2010) , process demands and outcomes (Schmitt & Snyder, 2012; Tang 2006) , operational qualities (Wu, Blackhurst, & O'grady, 2007) and processing times (Cao, Patterson, & Bai, 2005) . Uncertainty in internal operations may also be related to such factors as labor issues, unstable availability of working capital, and problems with information technology.
Velocity and uncertainty are two dimensions of environmental complexity that can influence an organization's operations. Dynamic consumer driven changes today lead to many internal and external unknowns, contributing to both velocity and uncertainty. To address these complexities, information technology (IT) has been used to assess the context, evaluate available options, and recommend possible best courses of action.
For example, real options perspective is used to evaluate the costs and benefits of different approaches, and select future IT investments (Chulkov and Desai 2008, Tiwana et al 2006) . Under high velocity or equivocal situations, information gathered may have multiple interpretations -e.g., positive or negative, biased or unbiased (Bowen 1987) . A suggested solution under these circumstances is a clarification of information by higher levels of the organizational hierarchy or escalation of the situation to an appropriate decision making authority.
The concepts of velocity and uncertainty in this study are taken as two attributes for differentiating information needs of different hospital units, relating to the operational environmental situations. These two attributes may be also be related to the nature of the task of different units. For instance, Zinn et al. (2003) build on the structure and technology fit using a continuum of routine to non-routine technologies supported by mechanistic and organic structures. They classify practices as "cure" or "care." The cure practices are often guided by well-established knowledgebased protocols, while care practices rely on more ad hoc approaches. For example, oncology may use cure practices (treatment protocols are known but their application to individual patients vary), and surgical units use care practices (surgical knowledge, even if known, has to be dynamically adapted to each patient based on what happens during a surgery). The technological and associated differences in cure/care practices call for a fit between technology and structure (Miles et al. 1978) , and such a fit is often tied to performance (Alexander and Randolph 1985) . For example, units with high technological uncertainty (surgical or neurology units) may use fluid and organic structures, while units with low technological uncertainty (oncology or cardiac units) may use a rigid, bureaucratic structure. Thus, the response to a situation within the organizational structure, and in the realm of the use of a technology, depends on the fit between the environment and technology (i.e., how to respond to different information needs of different hospital units), and the tasktechnology within a unit (i.e., differentiating how technology fits to the nature of the tasks within the unit) (Goodhue & Thompson 1995 , Fuller and Denis 2009 , Dennis et al. 2001 ).
Velocity and uncertainty can appear in many contexts within an organization, and an assessment of the context and an evaluation of options are necessary preconditions before taking any action. While IT may help in the evaluation of different scenarios using diverse sets of information, multiple interpretations and sense making is needed before a possible action plan is chosen. Managers and decision makers interpret situations differently from unclear and ambiguous information and face a dilemma in resolving the issue at hand. A conflict in such interpretations can foster disagreements on the course of action to take (Irani 2002; Smithson and Hirschheim 1998) . IT in this context can be instrumental in providing access to rich information and enabling escalation for complex tasks. Prior studies indicate that the richness of communication media influences the process and outcome of the communication (Carlson and Zmud, 1999; Robert and Dennis, 2005) . In complex and ambiguous task environments, richer media communication media is effective (Daft, Lengel and Trevino, 1987; Lengel and Daft, 1989) . We suggest that IT escalation of the call process enables richer media for communication and the accomplishment of complex tasks, based on prior studies on how richer media helps in the review and revision of actions (Lee and Panteli, 2010) , knowledge-building and learning experiences (Timmerman and Madhavapeddi, 2008) , organizational communications (Watson-Manheim and Bélanger, 2007) , and task execution where there is high degree of cognitive processing (Robert and Dennis, 2005) . However, the ultimate decision making in these situations calls for reliance on personal experiences and judgements of the staff and managers (Bannister and Remenyi 2000) .
Thus, we posit that the role of IT is not a singular or unilateral approach when there is velocity and uncertainty, but a mix of support that includes the gathering of multiple interpretations, capturing thoughts from various perspectives and experiences, generating alternatives, and incorporating judgments of staff and managers in an organization. In general, IT is a tool that helps support the gathering and analysis of diverse data and support complex decision making, using a mix of computerized and human decision makers. A number of examples illustrate how IT escalation may occur when there is velocity and uncertainty (see Table 1 ). These examples address velocity and uncertainty along four dimensions of an organizational unit's operations: input, process and workflows, output, and information communication and coordination. Velocity and uncertainty can be distinctly different in each of these dimensions in health care: inputs (arrival of patients), processes (number of tests completed or health conditions diagnosed), outputs (patients who are ready for discharge or to be sent to ICU) or communication/ coordination (choices provided to patients).
Overall, how a hospital handles velocity and uncertainty in its environment can be a differentiating factor. Although hospital units can be differentiated using many dimensions, this study focuses on differences in the way a hospital unit deals with uncertainty and velocity in its operations. For example, a nurse may be uncertain about the efficacy of new medication, but this uncertainty can be lessened with further analysis and experimentation. At the operations level, uncertainty may be a characteristic of the unit or unavoidable (e.g. uncertainty in a cancer unit may be difficult to reduce because of lack of science such as treatment of cancer cells or irrevocable side reactions of a medication), and it can be reduced by varying information provided to units. Again, these are highlighted with examples in Table 1 .
Differentiating Hospital Units along Velocity and Uncertainty
The study and the subsequent empirical analysis use four units of a hospitalsurgical, cardiac, oncology and neurology. Discussion related to other types of hospital units or a broader generalization of these results can lead to a possible extension of this study. The cardiac and surgical unit operations are of high velocity. The activities in a cardiac unit revolve around challenges related to a cardiac arrest. Cardiac arrest happens when the heart stops pumping blood and oxygen to the organs, brain, and tissues (Roger et al. 2012) . A person can be resuscitated during the first several minutes after cardiac arrest. However, as more time passes, it is less likely that the person can be revived and, even if revived, will most likely suffer brain damage. The focus of cardiac units is on saving a patient's life by restoring the heart's rhythm using procedures that involve cardio-cerebral resuscitation or other improved clinical procedures (Berg et al. 2010) . The latter involves keeping the patient in a post-resuscitative care regime in the intensive care unit (Yancy et al. 2013 ). All these procedures and subsequent care have a sense of "urgency" and require nursing staff to move rapidly to attend to the patient and coordinate and organize the necessary resources to provide for care. Similar to the coronary care (or cardiac) units, surgery units are called into action when necessitated by experts. Some surgical episodes (e.g. elective surgeries) are mostly pre-planned, and they use multiple resources: experts, technologies and instruments, and specific devices (e.g. stent, pins for orthopedic surgery etc.). Surgical intensive care units hence operate in a high velocity environment, where the patient mix is not known and there is wide variation in the types of treatments and attention, and staffing resources (the number of experts and nurses) needed to support care coordination. (Deng et al. 2009 ). Activities in oncology units include explaining the diagnosis (where the cancer is located and the degree of its spread to other parts of the body) to the patient, discussing treatment options, making recommendation for high-quality and compassionate care, and managing pain and side effects such as constipation, nausea, vomiting, and fatigue (Frenkel et al. 2010) . The challenge in oncology is to provide effective and compassionate care (e.g. high touch), and speed is not necessary.
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Neurology is similar in many ways to oncology. It is the specialty related to the diagnosis and treatment of nervous system disorders of the brain, the spinal cord, and various nerves. The diagnosis and treatment of such disorders cover the central and peripheral nervous system (and its subdivisions: the autonomic and the somatic nervous systems), including blood vessels and all effector tissue such as muscle (Agid 2000) . Neurological practice relies heavily on the field of neuroscience (Koroshetz and Landis 2014) . Neurology unit teams are trained to investigate, diagnose and treat neurological disorders, mostly without any surgery (excluding neurosurgery). Neurology units treat patients with a number of disorders, including headaches, strokes, seizures, multiple sclerosis, dystonia, muscular dystrophy, peripheral nerve disease, learning disorders, Parkinson's, Huntington's, and Alzheimer's disease (Stüve 2012 The cardiac patient needs close monitoring and support from special equipment and medications from highly trained doctors and nurses who specialize in continual care. Cardiac units often have high staff-to-patient ratios and access to advanced medical resources. Patient may include diagnosis using electro-cardiogram machines, imaging, stress tests, etc., and patients may engage in therapeutic treatments such as angiogenesis or specialized surgical procedures such as coronary artery bypass or stent placement procedures. The time some of these procedures take and activities to complete these procedures have many unknown factors and are difficult to predict. For example, the effectiveness of a stent or a bypass has a high degree of uncertainty, along with a high velocity in the operational environment.
Neurology and oncology units differ in the uncertainty dimensions as well. Neurological conditions are far from death situations. A patient suffering from a seizure or Alzheimer's disease will not die in an instant if care is not available, and the path of disease progression and side-effects of treatments will not lead to catastrophic conditions (e.g. unconsciousness). Therefore, the operational characteristic of a neurology unit is a stable and guided path of care management and maintenance. On the contrary, the oncology unit patient situations can be unpredictable. For instance, a patient undergoing chemotherapy may progress to a hyper sensitive condition that is not anticipated, contribute to kidney disorders, immediate anemic conditions, or transfusion reactions. The symptoms may at times lead to a worsening condition instantly, in contrast to neurological patients. This characterizes an oncology unit as a highly uncertain environment.
In summary, the situational interpretation of the different units discussed above places them in four distinct quadrants of the velocity and uncertainty framework (see Figure 1) . The practice and characteristic differences of each of these units lead us to conclude that surgery and cardiac units are of high velocity, while neurology and oncology are of low velocity. Also, the uncertainty associated with cardiac and oncology practices is high compared to surgery and neurology practices. 
Hospital Unit Differentiation and Response to Nurse Calls
The practice guidelines associated with each operational unit influence the sensemaking behavior of the nursing staff who respond to a call coming from these units (Weick et al. 2005) . Nursing staff designated to support patients in high velocity units have to deal with a wide variation in patient treatments and must address unanticipated situations. The tasks they perform vary significantly, and teams associated with these tasks make decisions and define/redefine tasks. Their interpretation of the situation and the activities they may perform will play a role in deciding how quickly they respond. An awareness of the situation and which unit the call came from will determine whether, for example, a call is responded to by phone, or by nurses running to the patient room to attend to the patient. The phone response (referred to here as "response") assumes a general awareness of what is going on and may allow for a solution over the phone itself. However, in the case of situations that demand taking care of a patient immediately or addressing some critical issues, the nurse may have to attend to the patient in the room (referred to here as "concerned response").
The response or concerned response decision is based on situational awareness and an interpretation of the velocity and uncertainty associated with each operational unit environment. Situational awareness is "the perception of various elements of the environment within a volume of time and space" (Endsley 1995) and how this understanding, knowledge and context for one's own activities leads to a projection of consequential outcomes in the near future (Flin et al. 2008; Schmidt 2002) . A nurse's work is to understand the situation, make sense of it, and align and integrate it with other interdependent activities in providing care delivery. Nurses also need to monitor their colleagues' activities while simultaneously making transparent their own activities, all embedded in situational sense-making leading to a "response" or "concerned response." When technology is used to support the nurse response to a patient call, four factors influence the response dynamics (phone response to concerned response). There include: (1) system use, (2) complexities within the situation and context, (3) interruptions, and (4) patient-oriented challenges.
"System use" refers to the degree to which a nurse uses a wireless phone or lets the nurse call system support the department activity. For example, a call to a nurse from any patients in a surgery unit is of high priority or that is what is understood by all nurses in the unit. Therefore, nurses would always carry phones and be on the "alert" for these calls with a collective responsibility to attend to them. However, in a neurology or oncology unit, nurses follow certain procedures such as using sterile clothes or sanitized instruments prior to entering a room. They may not carry wireless phones, or they are not easily accessible, and they may instead rely on the central location of the nurse call system to attend to the calls. In other words, the concerned response to a call may be a bit longer, as they may have to defer the call until they are ready to enter the room following the sanitized procedure.
In terms of the complexities of the context, nurses often are busy doing many different things, and attending another patient's call may not be viewed as urgent enough to abort or interrupt their current activity. Again, this determination is based on a number of factors, such as the procedural requirements for attending to a current patient, and nurses need to make just-intime decisions. For example, a nurse in the middle of changing a wound or busy inserting a venous catheter cannot take a call. These situations demand escalation of the call to the next available person. Even with escalation, the complexity of the situation in a unit could lead to a situation where many nurses do not respond to a call, leading to a "lag" in response time.
Interruptions can also contribute to response variability. For example, a nurse changing a wound has the option to leave the patient to take the call or continue with the present activity. Leaving the existing patient may lead to a bad situation. Even the thought that another patient needs this nurse at the same time can be a psychological disruption to the nurse's current work. Often repeated calls may be so disrupting that a nurse may keep the "phone away" while doing a lengthy procedure.
The "patient oriented factors" include information such as who is calling, why they are calling, and if the call is from an assigned patient or not. When a nurse is expecting a call from a specific room, the call will be answered quickly. During a shift, each nurse is assigned to one or several patients, and they are their primary responsibility. Nurses would be more willing or proactive in taking calls from these patients than a call coming from other patients. These may get ignored or passed on until the primary nurse is available. Often a situation demands that the nurse decide whether or not to leave a patient to attend to a serious primary patient.
To summarize, nurses face a number of challenges that influence the time taken to respond to a call. The prevailing norms of system use, situational complexities, the nurses' interpretation of the situation at hand, and patient-related factors all play important roles in addressing a call from a patient. These observations lead to the two following propositions:
Proposition P1a. The normal response time to nurse calls increases with increasing operational velocity.
Proposition P1b. The concerned response time to nurse calls decreases with increasing operational uncertainty.
IT-based Escalation for Nurse Calls
The escalation of a call based on a certain logic or rule is a recent feature in many nursing call systems. IT-based escalation can influence the response or concerned response to a patient call, and it can be influenced by the system use, complexities, interruptions and patient orientation factors. The research question is: How does an ITbased escalation effect the response and concerned response times?
IT-based escalation will increase the response time, but it will decrease the concerned response time for two reasons. First, IT-based escalation supports mobility and enhances the availability of not only the primary nurse, but also other nurses who can take the call based on the prior set heuristics. However, the time taken to respond to a call with the escalation means that the calls must first be referred to the primary nurse in the unit. If the nurse does not take the call within a number of rings, then the call gets escalated, which means it would take more time before responding to a call. Second, IT-based escalation may not be able to translate the urgency of the call to post-escalation nurses. The primary nurse knows the situation of a patient. If the primary nurse is not able to respond, the escalation then gets forwarded to an available nurse in the unit. In this scenario, the other nurses may not have a clear understanding of the patient's condition or the urgency of the call. Unless the patient is clear about the urgency cues, any other nurse would probably take a delayed approach to attend a patient, maybe after attending to the patient the nurse is currently attending.
Although IT-based escalation increases response time and decreases concerned response time to patient calls, these effects will also vary from unit to unit. Two scenarios emerge. First, implementation of a nurse call system may increase the awareness and interaction of activities within the unit. This applies more to situations of low velocity in unit operations. Nurses have free time and plan actions in such environments. For example, a nurse may check a priori who is available in nearby rooms to take a call when he or she is busy with a patient, and thus, are available to take calls with or without escalation. The nurses in the units then become aware of the activities of colleagues, increase social interactions, and improve the social presence and situational interpretation of the activities through these interactions. In such a scenario, the escalation process leads the nurses to set a pre-planned set of sense making to attend the patients efficiently with escalation. In other words, although escalation happens, it is within the unit, and the nurses are proactive in attending to the patient. In such scenarios, the IT-based escalation may decrease the response time, rather than increasing it in units such as in neurology (low velocity units). However, with low velocity and when uncertainty is high, irrespective of call response times the nurses may have a shared understanding of the urgency of the patients. As a result, with escalation, the nurses may really run fast to attend to a patient, all worried that the patient is in an urgent situation. This is the case with oncology units (low velocity unit and high uncertainty). Here, IT-based escalation will decrease the concerned response time.
Similarly, although neurology is a low uncertainty unit, escalated calls may be considered to be urgent situations and may lead to the other available nurses (not the primary nurse who knows the patient) to pay closer attention.
The second scenario is when the units have high velocity operations. High velocity operation units demand that nurses be trained to handle things urgently, and this shared understanding will lead nurses to derive a collective responsibility when the calls get escalated. In the context of this study, both surgery and cardiac units have high velocity operations and train nurses to take escalated calls to attend immediately to pacify any urgency, irrespective of any uncertainty in their operations. Thus, we expect that although nurses are extremely busy, the high velocity nature of their operations make them collectively responsible to respond to escalated calls with a sense of urgency.
To summarize our arguments, we posit that IT-based escalation results in an increased response time in many of these units, and a decreases concerned response time. However, variation in the response time and concerned response time may depend on the situational interpretation of whether the call is urgent or not, whether nurses understand the urgency and whether the operational units have trained the nurses with any interpretative scheme. The following propositions are used to explore the unit-based variation empirically.
Proposition P2a. IT-based escalation increases the response time to nurse calls.
Proposition P2b. IT-based escalation decreases the concerned response time to nurse calls.
Proposition P2c. The moderating influence of IT-based escalation on response and concerned response times will vary across units.
We present the empirical research framework and the propositions in Figure 2 . 
Methodology
The method for this study includes: (1) a secondary observational data and text mining/interpretation approach to validate the velocity and uncertainty differentiation of hospital units, (2) a quantitative study with data collected from the a hospital and analyzed using econometric methods to explore the response variations across four units in the hospital. We elaborate on our methodology further.
Validation of Velocity and Uncertainty Differentiation of Hospital Units
The first method is used to validate the placement of the four units in the study in the 2 × 2 framework along velocity and uncertainty dimensions. We used publicly available data on a leading nurse networking site allnurses.com to understand the unit differences. The site uses nurse community discussion forums to surface their issues, challenges, and solutions to understand work practices. Nurses at different levels of practice with varying experience share knowledge and seek answers to questions, engage in lively debates, and share articles, nursing jobs, degree program information, and other nursing practices in different hospital unit operations.
Three qualified researchers (two graduate level students and a faculty member) scanned through the discussion forums at allnurses.com on the four practices discussed in the study. They collected reviews and discussions related to velocity and uncertainty words embedded within the discussion texts. In each specialization category, there are around 20-25 discussions or comments. Within these comments, the researchers individually collected quotes for each unit that discussed any identifier word relevant to the velocity and uncertainty dimensions. Even with a limited number, we collected five comments in each practice category related to velocity or uncertainty. By collating individual comments, we classified the quotes and their meanings into velocity and uncertainty dimensions. Any conflicts or ambiguities were clarified with discussion amongst the three researchers. The quotes, identifier words and classification of the unit based on these words are shown in Table  A1 of Appendix A. The analysis of these comments provide general support for the 2 × 2 matrix of velocity and uncertainty differentiation among Surgery, Cardiac, Neurology and Oncology units.
Quantitative Study and Empirical Analysis
Patient nurse call system requests were recorded for 1,131 patient room days at SJMO captured from the ICS system between January 2015 and June 2015. A data set was prepared that included roomwise call answering data, such as: (1) the type of requests (bath or shower calls, normal calls for medication or other assistance), (2) whether the calls were escalated or not, (3) the time taken to attend the call, and (4) the time taken for someone to enter the patient room after call initiation.
The times to respond to these nurse calls have two dependent variables. The first dependent variable is the time between the patients' calls and someone talking to the patient through the phone (ANSR_TIME), i.e. the normal response time to a nurse call. The second dependent variable is the time to attend the patient (ATND_TIME), measured as the average number of minutes between the patients' call and a nurse or staff entering the patient room to serve the patient. This is referred to as the "concerned response" to a patient call as the nurse or staff rush to help the patient to address the issue. Both these variables are adjusted by the number of patients per day. The ANSR_TIME is distinct from the ATND_TIME in that answering the patient over the phone does not necessarily involve providing physical help or support to the patient. Thus, we consider ANSR_TIME as the indicator for a normal response and ATND_TIME as the indicator for concerned response.
The primary explanatory variable here is the IT-based call escalation (IT_ESCAL) from the room. It measures the percentage of calls escalated using the IT-based systems, routed through various escalation protocols. As shown in Figures B2-B4 , although there are three different ways a call coming from a patient is responded to, common across all of these is the escalation protocol, IT_ESCAL, measured for this study. We control for total calls, average length of stay of patients, and the type of call in the models. We include dummy variables to reflect the four units which are the focus of this study, and interact the dummies with the IT_ESCAL variable to interpret the differences in response to the IT-based escalation on dependent variables across the different units. Table 2 provides a description of variables used for the analysis. Table 3 presents descriptive statistics. The average call attending time (ATND_TIME) in our sample is 2.59 minutes, while the answering time (ANSR_TIME) is 1.32 minutes. On average, there are 383 calls placed from a room, with a maximum of 2,168 calls from any room during the study period. For the empirical analysis to study the influence across units, we specify a standard cross-sectional model of the form,
where Y represents outcome variables such as time to answer the patient and time to respond to the call by entering into the patient room; X represents a vector of factors, such as room and type of unit, and IT-enabled escalation of the calls; β is a vector of parameters to be estimated, and ε is the error term associated with each observation i.
We conducted two sets of analysis. First, we estimated the direct effects of the call types and unit effects on answer time and attend time. Second, the interaction effects of the IT escalation and unit type on the answer and attend times were explored.
The set of equations corresponding to two sets of analysis are specified. The specifications for direct effect models are: Table 4 provides parameter estimates of the direct effect models. Column 1 of Table 4 reports results of equation 1 relevant to the normal response time to the nurse calls. We find that a call originating from Cardiac has a negative and significant association (β = −0.287, p<0.05) with response time (ANSR_TIME). Similarly, for Surgery the coefficient is negative and significant (β = −0.513, p<0.01), as well as for Oncology (β = −0.052, p<0.1). The coefficient comparison tests yields significance at p=0.01 levels, with the calls from Surgery having the highest effect, followed by Cardiac and Oncology calls. In addition, we find that the Neurology calls have a positive and significant result on response time (β = −0.549, p<0.01) indicating that Neurology calls are responded to somewhat late compared to other units' calls. As we argue in the theory development section, Surgery and Cardiac are high velocity environments but Neurology and Oncology are low velocity environments. Our results show that Neurology and Oncology have higher response times than Cardiac and Surgery; thereby supporting proposition P1a.
Results of the Empirical Analysis
Column 2 of Table 4 presents the results of equation 2 that is related to the concerned response time to the nurse calls. We find that a call originating from Cardiac has a negative and significant association (β = −0.486, p<0.01) with concerned response time (ATND_TIME). However, the coefficients are positive and significant for Surgery β = 0.053, p<0.05), Oncology (β = 0.123, p<0.01), and Neurology (β = 0.374, p<0.01). The coefficient comparison tests yields significance at p=0.05 levels. Recall that we argued that concerned call response times are negatively correlated with the uncertainty in the units, i.e., the higher the uncertainty, the faster a nurse would plausibly try to attend a patient's call by visiting the room.
Table 4 -Results of Direct Effect Estimations
VARIABLES
(1) (2) Interpretation of the results ANSR_TIME ATND_TIME Because Surgery and Neurology are low uncertainty environments related to Cardiac and Oncology units, the concerned response time in the earlier units should be more than the later wards. Our results partially support that, as we find that Neurology has the highest concerned response time, while Cardiac has the fastest concerned response time. For Surgery and Oncology, there is a slight difference showing Oncology has a higher concerned response time than Surgery-somewhat opposite to our proposed directions. Thus, we find partial support for proposition P1b.
Cardiac
Table 4 also shows that IT_ESCAL is positive and significant on ANSR_TIME (β = 0.091, p<0.01). This result supports proposition P2a. In addition, we also find that IT_ESCAL is negative and significant on ATND_TIME (β = -0.416, p<0.01). This result supports proposition P2b. Table 5 presents the interaction effect models, with Column 1 of Table 5 reporting the results of equation 3, and Column 2 reporting the results of equation 4. We find that the interaction term Cardiac X IT_ESCAL is positive and significant on ANSR_TIME (β = 0.055, p<0.05) and negative and significant on ATND_TIME (β = −0.094, p<0.01). In other words, IT-based escalation increases the response time in the Cardiac unit, but decreases the concerned response time which necessitates rushing to the patient room. Second, we find that the interaction term Surgery X IT_ESCAL is positive and significant on ANSR_TIME (β = 0.075, p<0.05) and negative and significant ATND_TIME (β = −0.221, p<0.05). IT-based escalation increases the response time, but decreases the concerned response time in the Surgery unit. Third, for the Oncology unit, the results of interaction shows positive and significant effects for ANSR_TIME (β = 0.273, p<0.01), but no significant effect for ATND_TIME. These results indicate that although escalation in Oncology increases the response time, it has no effect on the concerned response time. Finally, we find that the interaction term Neurology X IT_ESCAL is negative and significant both on ANSR_TIME (β = -0.187, p<0.05) and ATND_TIME (β = −0.391, p<0.05), indicating that the IT-based escalation has a mitigating impact on both response and concerned response times for the calls in a Neurology unit. These results largely support the proposition P2c that the moderating influence of IT-based escalation on response and concerned response times will vary across units. IT based escalation in Neuro decreases response time, but also decreases concerned response time. Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 Models include direct effects, control variables and a constant term. These details are omitted for brevity
Robustness and Validation Checks
Several robustness checks were done to check for the validity of the results. The data was tested for multi-collinearity by computing variance inflation factors (VIF). The VIFs in the models were less than 6, indicating that multi-collinearity is not a serious concern in the data. Second, the data was mean-centered for explanatory variables to help facilitate interpretation of the results. Results from models with meancentered values are similar to results from models with non-standardized values. Third, both the answer and respond times are somewhat censored in the beginning or towards the maximum value. Mostly nurses and nursing staff attend to the calls as soon as possible, i.e., within the golden two or three minutes after the call is placed. In addition, attending a call after 12 or 15 minutes is not useful, as the patient may have initiated another call and canceled their original call. To account for the early and late censoring of the calls, a doublecensored Tobit maximum likelihood estimation was used to account for double censoring of the dependent variables ATND_TIME and ANSR_TIME; accounting for the left censoring at 0, and right censoring around the maximum values of the dependent variables. The results of the Tobit models are similar with slight variation of the significance levels.
Finally, a second issue in our data is what happens to the calls that are lost due to either technical issues or other reasons they are not attended to. Since our analysis captures information about the calls that were attended or answered, there is an inherent survival bias in the data. We conducted additional analysis to address survival bias in our models (that if many calls are either not answered or answered too late, leading to censoring of the data), by estimating the models using a truncated regression approach (see Pg. 863, Greene 2008) . This approach assumes a truncated distribution of the dependent variable as a part of the un-truncated distribution that is above or below some specified value (i.e., for the survived calls under consideration). The results of the truncated regression models are also similar to our main estimation models, indicating the validity of our results.
Discussion
Findings
The goal of this study is to understand how hospital units differed in their response to patient nurse call systems. It is argued that hospital units differ in the velocity and uncertainty dimensions embedded in the operating practices of various units. This argument is validated using secondary data from allnurses.com discussion forums, and a 2 × 2 matrix was presented, differentiating four units in a hospital along velocity and uncertainty dimensions. The subsequent response and concerned response attributed to the nurse calls is validated using response patterns in these units based on secondary data and analysis from four units at SJMO hospital. Finally, the ITbased escalation of the nurse calls is proposed to have a moderating effect on the unit-based practices on both answer time and attend time for nurse calls. Using a response and concerned response framework, the direct and moderating impact of IT-based escalation was empirically investigated using call response data from 1,131 rooms from four units of the SJMO hospital.
The findings from this analysis suggest that calls from Cardiac, Surgery and Oncology are answered promptly, but not in case of Neurology. Also, in Surgery, Oncology and Neurology units the coefficients are positive and significant, but negative and significant for the Cardiac unit. Furthermore, the ITbased escalation increases the response times in the Cardiac, Surgery and Oncology units, but decreases the response time in the Neurology unit. This means that the Cardiac unit is highly concerned in attending the calls, compared to other units. However, the values of the coefficients indicate that the Neurology unit shows the least concern in attending nurse calls, followed by Oncology and Surgery. Regarding the attending time, the findings show that ITbased escalation decreases the concerned response times in the Cardiac, Surgery and Neurology units. In summary, there is support for the proposition that IT-based escalation has a mitigating effect, albeit differently in different hospital units. Based on the suggestions the situational interpretation and contextual differences are not only inherent in the operations, but are reflected in the nurse response to patient needs through call bells (see Figure 3) , we populate the previous 2 × 2 framework along velocity and uncertainty 
Implications
If patient calls come from certain units known to exhibit a set of operating characteristics, then the nurse addressing these patients may follow appropriate protocols built around the expected response behavior. On the other hand, a patient is not privy to these expectations, and any disconnect between these two is exasperated with the introduction of technology. If the technology creates an expectation that is not aligned with the nurse's view of response time adequacy, this disconnect can lead to patient dissatisfaction. Such disconnect may be addressed by creating different layers of response and escalation protocols to calls coming from different units. Can a request from a patient whose call is from a unit viewed as not severe by a nurse be provided options such as alternative messaging to allow the nurse to manage the needed delay while addressing a more pressing need?
A technology that is agnostic to cultural differences in the way nurses and health care providers address a patient call for care may be changing expectations on the patient side, but not on the provider side. This is not necessarily a reflection of a nurse's unwillingness to address a patient need. Rather, the nurse and care delivery team view the call in the context of the type of care (surgical, oncology, etc.) and may be viewing many other care delivery metrics besides patient satisfaction. However, this is not often known to the patient. Therefore, IT enabled call response systems to improve patient satisfaction have to either develop alternative technology/response protocols for requests coming from patients with varying context to address both call efficiency and effectiveness, or adjust the weight of the patient satisfaction metric to reflect these differences.
Transformations enabled by IT are reshaping the behavior of firms and influencing several industry sectors. In particular, transformations brought about and centered on IT implementation have become the core focus of health care organizations in the United States. Several of these implementations have focused on electronic medical records to improve process efficiencies and quality, as well to track costs and reimbursements. However, there has been a recent shift to focus on aligning health care technology (or digitization) with services that create value for patients. This shift in the digitization effort still needs to connect patient care services not to just a single metric such as patient satisfaction, but to a set of core hospital performance measures including cost, quality of care and patient satisfaction, while keeping patients engaged in the care process.
Finally, the findings of this study may be generalized to other IT applications, when the operational attributes contribute to complexity in different dimensions of the decision process. In situations where velocity and uncertainty exist and IT is used in decision support, the "response" and "concerned response" frames referenced in this study become highly relevant. As much as gathering relevant data, and analyzing and presenting multiple options is typical of what IT has been used for in the past, this study makes clear that managers need to take a slightly different approach when considering challenges associated with velocity and uncertainty. When should groups work towards a consensus decision, as in cases where conflicts in interpretations arise, and when should significant differences in interpretation be escalated up to those who have the ultimate responsibility for decision making? When should the decision guidance be left to a single decision maker (e.g. a nurse based on her belief on the immediacy), allowed to be presented to a broader set of stakeholders (e.g. nurses with a certain degree of common expertise), or simply left to the judgement of the highest level of responsibility?
Contributions
This study has three contributions for information systems and health management research. First, the study suggests that IT-based systems in health care units need to be evaluated based on their situational embeddedness, given the practice and interpretative variations across different units. While the expectation is that health IT systems will accrue higher value within a health care system, in practice variations may lead the system to have a differentiated impact-that is a unique contribution of this study. Second, the theoretical lens of velocity and uncertainty in operations to explain the unit level variance is a novel contribution. Existing studies have explained unit level variations by other factors than these operational differences. This study explores the potential impact of fit between a performance metric and unit structure. Finally, the study suggests that IT-based escalation of nurse calls may not be effective in answering calls, but when it comes to attending to patients, the impact is quite better. In other words, the study concludes that IT-based systems may not improve efficiency in health care units, but they may be influential in increasing effectiveness. This underlying explanation is the differing impact of efficiency vs effectiveness on health care units, and the trade-offs hospital care units have to make in answering calls.
In addition, this study provides a new frame of reference for IT literature as it is used in decision support -individual or group. Uncertainty and, to some degree, equivocality in the information associated with decision making has led IT to present alternatives for individual decision support, and to gather a richer set of information to highlight conflicts and help seek consensus in group decision making. However, the velocity dimension adds a new degree of complexity. The velocity dimension makes the decision context time variant and complex, and its impact on IT support for decision making is not clear. This study starts to help frame the velocity dimension so that the decision support has to take into consideration an individual's sense making of the context at hand, when they might escalate it to group support, and when there may be a need for human decision making at the highest level of responsibility rather than relying on group consensus. These variations may be somewhat dependent on where the velocity and uncertainty are coming from: data, models used in support of decision process, outputs that have to lead to concerted action, or communication among multiple stakeholders. Future research will try to address some of these dimensional variations on decision support.
Limitations and Future Research
We acknowledge certain limitations to this study, and these should lead to future opportunities for on-going research. First, our findings are associational due to the use of cross-sectional data, and do not imply causality. There is a need for research in health care units using longitudinal data in order to establish the relationships proposed in this study. Second, while our data focused on hospital unit differences, there is a need to expand the research to different practice levels or hospital levels to explore whether IT-based systems indeed contribute to care effectiveness. A third limitation, and a possible extension of this study, is to validate the findings across other unit contexts for greater generalizability.
Conclusion
Achieving operational efficiency using ITbased systems is a critical part of the health care transformation. In this study, we investigated how the digitization of patientnurse communication using nurse call systems is improving nurse response times. We argued that patient calls may be responded to differently depending on where they are coming from, as hospital units vary in the way they address uncertainty and velocity. The results from the nurse call system response data from four units in a hospital show that the operational variations of these units have an impact on the nurse response times. Also, the escalation protocols that direct calls to a nearest nurse or staff, using a rule-based system, appear to play a mitigating factor in the nurse response times. Further, we suggest that these differences may play a vital role in assessing the impact of nurse call response time on a single metric such as patient satisfaction.
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